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[Title of the invention] Methods for forming gate insulating 
films 

[Abstract] 

[Objective] To provide a method for forming a gate insulating 
film having an excellent step coverage performance which is 
capable of being treated at a low temperature. 
(Aspect] An organic silane material is employed as a reactive 
gas to form a gate insulating film by a plasma CVD method . 
[ Claims ] 

[Claim 1] A method for forming a gate insulating film 
comprising using an organic silane material is employed as a 
reactive gas and forming a film by a plasma CVD method. 

[Claim 2] A method for forming a gate insulating film 
according to Claim ! wherein said plasma CVD method employs a 
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CVD device of a parallel plate electrode type and the film Is 
formed under a condition which allows the product Pd of the 
gas pressure P (Torr) and the distanced (cm) between the substrate 
electrodes to be 5 or more. 

f Claim 3] A method for forming a gate insulating film 
according to Claim 2 wherein the gate insulating film is formed 
by the plasma CVD method and then annealed in an inert gas 

atmosphere . 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to a method for forming a 
gate insulating film, more particularly tQ a metho<J whlch ^ 

extremely useful in forming a gate insulating film for a thin 
film transistor. 
[0002] 
[Prior Art] 

Usually in forming a gate insulating film such as a thin 
film transistor on a low melting point substrate such as a glass . 
an Si0 2 as a gate insulating film ls formed mainly by a plasma 
CVD (chemical vapor deposition) method employing SiH, or an 
atmospheric pressure CVD method, since a heat oxidation method 
accompanied with a gas phase reaction at a high temperature can 
not be employed. Such a conventional method for forming a gate 
insulating film employing such a plasma CVD method is frequently 
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a method employing S1H 4 . ana such a method exhibits a poor step 
coverage performance at a position having steps such as a wiring 
position. Thus, when a gate insulating f il m 3 is formed on a 
semiconductor layer 2 of a certain pattern formed on a substrate 
1 as shown in Figure 2> a step pgrt 3a Qf ^ ^ lnsuiating 

film 3 is in a overhanging shape, reducing the thickness of the 
film under the step. As a result . a gate electrode 4 . when formed 
on the gate insulating f iIm 3. readily undergoes dielectric 
breakdown at the part where the gate insulating fii m 3 is too 
thin, sometimes resulting in an accidental short circuit between 
the gate electrode 4 and the semiconductor layer 2. The gate 
electrode 4 also readily undergoes the breaking, which is one 
of the causes of a low yield. 
[0003] 

[Problems that the Invention is to Solve] 

A solution to be given by the present invention is to provide 
a method for foxing at a low temperature a gate insulating 
which exhibits an excellent step coverage performance andreduces 
the risk of the short circuit between a gate electrode and a 
semiconductor layer and the breaking of the gate electrode. 

[0004] 

[Means for Solving the Problems] 

For the purpose of solving the problems described above, 
the invention employs as a reactive gas an organic silane material 
to for, a gate insulating fii ra by a plasma CVD ^ 
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a plasma CVD method is preferably conducted using a CVD device 
of a parallel plate electrode type under a condition which allows 
the product Pd of the gas pressure P (Torr) and the distance 
d (cm) between the substrate electrodes to be 5 or more. It 
is also possible that a gate Insulating film is formed by a plasma 
CVD method and subsequently annealed in the atmosphere of an 
inert gas, such as nitrogen, whereby obtaining a gate insulating 
film whose characteristics are further excellent. 
[0005] 

A method for forming a gate insulating film of the invention 
can be employed not only for a gate insulating film of a thin 
film transistor but also for a gate insulating film for any of 
various gate insulating films such as one for an ordinary MIS 
transistor. Such a gate insulating film can be formed from 
insulating materials such as Si0 2 , Si 3 N 4 and the like . An organic 
silane material mentioned above may for example be TEOS 
(tetraethyl orthosilicate) , 

2,4,6, 8 - tetramethylcyclotetrasiloxane , diethylsilane , 

3-ethoxysllane, 2-ethylsilane, 4-methylcyclotetrasiloxane and 
the like. The pressure P of a gas for forming a gate insulating 
film for example of Si0 2 by a plasma CVD method is preferably 
0 . 1 to 6 Torr . When TEOS is employed as an organic silane material , 
TEOS is mixed with oxygen preferably in the ratio of oxygen/TEOS=5 
to 30 . The annealing is conducted in the atmosphere of an inert 
gas such as nitrogen or argon gas or of a mixture thereof with 
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an appropriate amount of oxygen. While the temperature and the 
time period of such a process may vary depending on the types 
of the substrate employed and the insulating film to be formed, 
they are preferably 500 to 600°C and 30 minutes to 4 hours, 
respectively, when an SiO, insulating film for a thin film 
transistor is formed on a glass. When forming an Si 3 N<. an 
oxygen-free organic sllane material is employed together with 
an inert gas such as N 2 or He as a bubbling carrier gas using 
NH 3 and N,H 4 instead of introducing oxygen in a manner similar 
for forming an Si0 2 insulating film. 
[0006] 

While an Si0 2 insulating film formed using an organic silane 
material by a plasma CVD method has been utilized as a inter- layer 
insulating film for example of an LSI . such a film has an extremely 
rough quality since the plasma CVD has been employed in a range 
where the film forming speed is high. We made every effort and 
established the invention based on the discovery that when using 
a CDV device of a parallel plate electrode type the product Pd 
of the film forming gas pressure P (Torr) and the distance d 
(cm) between the substrate electrodes is in a certain correlation 
with the film forming speed or the etching rate using a buffered 
hydrofluoric acid (BHF) as shown in Figure 4. In this figure, 
the etching rate represents the density of the S102 oxidation 
film, and a lower rate reflects a more dense and satisfactory 
film. Based on this figure, the etching rate becomes 2000 
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angstrom/minutes at aP-dof 5 or more, which enables the formation 

of a gate insulating film whose density is higher than that of 

a conventional SiH 4 -derived Si0 2 insulating film. 

[0007] 

(Effect] 

A substrate in which a certain pattern semiconductor layer 
has been formed is mounted on a sample platform in a plasma CVD 
device chamber , and after imparting the chamber with a high vacuum 
a reactive gas containing an organic silane gas is introduced 
at a certain flow rate. At the same time, a plasma is generated 
near the substrate by a high frequency power or other means . 
As a result, the reactive gas around the substrate is activated 
by the plasma, undergoes a chemical reaction to form a gate 
insulating film for example of an SiO z film on the substrate. 
Since this film forming reaction is on the basis of the activation 
of the reactive gas by the plasma, the film can be formed at 
a low temperature. Also by using a CVD device of a parallel 
plate electrode type to adjust the product P*d of the reactive 
gas pressure P and the distance d (cm) between the cathode 
electrode and the substrate 1 at 5 or more, the resultant gate 
insulating film becomes extremely dense and the step coverage 
is also improved. In addition, an annealing in an inert gas 
such as nitrogen after forming the gate insulating film results 
in a reduction in the leak current of this gate insulating film, 
whereby improving the electric characteristics. 
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[0008] 
[Examples] 

The invention is further described in the following 
Examples to clarify the advantageous effects of the invention. 
As shown in Figure 1, a substrate 1 in which a certain pattern 
semiconductor layer 2 has been formed was mounted on a sample 
platform 14 as an anode of the parallel plate electrodes provided 
in a plasma CVD device chamber 13, and the air in the chamber 
13 was exhausted via a vacuum exhaust outlet 19 to impart a high 
vacuum. Subsequently, an organic silane material TEOS in a 
vaporization device 12 was adjusted at 20°C and oxygen is pumped 
via a bubbling carrier gas inlet 11 at 40 seem (standard cc/min) 
to effect the bubbling and to vaporize the TEOS while introducing 
oxygen via an oxygen inlet 10 at 50 seem, which was mixed with 
the previously vaporized TEOS using a reactive gas mixer 18 and 
then introduced into the chamber 13. Thereafter, a high 
frequency power 17 was employed to apply a high frequency voltage 
between a cathode 16 of the parallel plate electrodes and the 
sample platform 14, whereby generating a plasma between the 
parallel plate electrodes. This process gave the RF power of 
0.3 W/cm 2 at 13.56 Hz, the reactive gas pressure in the chamber 
13 of 0.8 Torr and the distance d between the cathode 16 and 
the substrate 1 of 7 . 5 cm, resulting in the p d product of 6. 
The temperature of the substrate 1 was kept almost at 350°C. 
As a result, the interaction between the plasma and the reactive 
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gas allowed an Si0 2 oxidation film to be formed on the substrate 
1 . 

[0009] 

In order to introduce the TEOS gas into the chamber 13, 
a method which does not employ the bubbling described above can 
also be used. For example, the temperature in the vaporizing 
device 12 containing the TEOS is raised to elevate the vapor 
pressure of the TEOS , and this TEOS gas can be controlled directly 
by a mass flow controller to introduce into the chamber. This 
mass flow controller-employing method enables a more precise 
control of the amount of an organic silane material such as TEOS 
to be introduced, which leads to the formation of a more excellent ~ 
insulating film. 
[0010] 

Figure 3 shows a partial sectional view of a thin film 
transistor reflecting the film forming condition of an Si0 2 
oxidation film 3 formed on a substrate 1 and a semiconductor 
layer 2 under the condition described above covered with an Al 
gate electrode film 4 further formed thereon by sputtering method . 
As evident from this figure, an extremely dense Si0 2 film 3 was 
deposited uniformly in a sufficient amount even on the wall of 
the step of a semiconductor layer 2, whereby avoiding any 
overhanging which was experienced in a conventional method. 
[0011] 

The interf acial order density and the leak current of the 
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gate insulating film thus formed were characterized electrically 
The gate insulating film was also annealed in nitrogen at 600°C 
for 2 hours , and its interf acial order density and the leak current 
were also characterized electrically. The results are shown 
in Table 1 . 
[0012] 



[Table 1] 





As Depc 


Annealing in N 2| 600°C, 2 hr 


Interfacial order dencity (cm^eV 1 ) 


8.1 x 10 10 


6.4 x 10 10 


Leak current (A/cm 2 ) 


5.9 x 10" 10 


5.0 x 10- 11 



[0013] 

As evident from these results, a gate insulating film 
formed as described above has satisfactory electric 
characteristics, and by annealing such a gate insulating film 
in nitrogen the leak current can be reduced by 1 order or more, 
whereby further improving the electric characteristics. The 
resultant film is sufficient characteristically as a gate 
insulating film of a thin film transistor and MIS transistor. 
The leak current in Table 1 was measured with applying the electric 
field of 2 MV/ cm. Furthermore, gate insulating films were formed 
by the plasma CVD method under the condition similar to the example 
described above except for varying the reactive gas pressure 
P in the chamber and the distance d between the cathode electrode 

and the substrate 1 whereby varying the Pd product from 1 to 
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8 - Each gate insulating film was examined for the step coverage 
performance and the electric characteristics , and then subjected 
to the annealing in nitrogen similarly to the example described 
above to examine the electric characteristics. As a result, 
a gate insulating film having an excellent step coverage 
performance was obtained when the film forming was effected at 
a Pd product of 5 or more. In addition, the gate insulating 
film formed at a Pd product of 5 or more has satisfactory electric 
characteristics, which were proven to be further improved when 
this gate insulating film was annealed in an inert gas such as 
nitrogen . 
[0014] 

[Effects of the invention] 

As detailed above, a method for forming a gate insulating 
film according to the invention which employs as a reactive gas 
an organic silane material and forms a film by a plasma CVD method 
enables a low temperature formation of a gate insulating film 
having an excellent step coverage performance and capable of 
reducing the risk of the short circuit between a gate electrode 
and a semiconductor layer and the breaking of the gate electrode . 
Accordingly, it is useful especially for forming a gate 
insulating film of a thin film transistor employing a substrate 
whose melting point is low. 
[Brief Description of the Drawings] 

[Figure 1] 
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A sectional view of a plasma CVD device employed in a method 
for forming a gate insulating film according to the invention. 
[Figure 2] 

A partial sectional view of a thin film transistor 
reflecting the film forming condition of a gate Insulating film 
formed by a conventional method. 

[Figure 3] 

A partial sectional view of a thin film transistor 
reflecting the film forming condition of a gate insulating film 
formed by a method of the invention. 

[Figure 4] 

A graph representing the correlation of the film forming 

condition Pd product with the film forming speed and the etching 
rate. 

[Description of the Reference Numerals and Signs] 
1: Substrate, 2: Semiconductor layer, 3: Gate insulating film, 
4: Gate electrode, 10: Oxygen inlet, 11: Bubbling carrier gas 
inlet, 12: Vaporization device , 13: Plasma CVD device chamber, 
14: Sample platform, 16: Cathode, 17: High frequency power , 18: 
Reactive gas mixer, 19: Vacuum exhaust outlet 

Figure 4 

FILM FORMING SPEED (A/min) 
ETCHING RATE (A/min) 
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ABSTRACT 

PURPOSE: To enable an insulating film which is excellent in level 
difference coverage, prevents a short circuit from being induced between a 
gate electrode and a semiconductor layer, and hardly insulates a gate 
electrode thermally to be formed at a low temperature by a method wherein 
organic silane is used as reactive gas to form the insulating film through 
a CVD method. 

CONSTITUTION: A substrate 1 where a semiconductor layer 2 is formed is set 
on a parallel plate type anode electrode specimen table 14 located inside a 
plasma CVD device chamber 13, and air is exhausted from the chamber 13 
through an evacuation, opening. Thereafter, organic silane inside the 
evaporator 12 is bubbled introducing oxygen into a bubbling carrier gas 
inlet, oxygen is introduced through an oxygen introducing 10, the silane 
gas and hydrogen gas are mixed together through a reactive gas mixer 18, 
and the mixed gas of silane gas and hydrogen gas are introduced into the ' 
chamber 13. A high frequency voltage is applied between a parallel plate 
type cathode electrode and the specimen table 14 by a high frequency power 
supply 17 to generate plasma between the parallel plate type electrodes. By 
this setup, a gate insulating film excellent in level difference coverage 
can be formed. 
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